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Andreev reflection in a monolayer molybdenum disulfide superconducting-normal (S/N) hybrid
junction is investigated. We find, by using a modified-Dirac Hamiltonian and the scattering formal-
ism, that the perfect Andreev reflection happens at normal incidence with p-doped S and N regions.
The probability of the Andreev reflection and the resulting Andreev conductance, in this system,
are demonstrated to be large in comparison with the corresponding gapped graphene structure. We
further investigate the effect of a topological term (β) in the Hamiltonian and show that it results
in an enhancement of the Andreev conductance with p-doped S and N regions, while in the corre-
sponding structure with n-doped S region it is strongly reducible in comparison. This effect can be
explained in terms of the dependence of the Andreev reflection probability on the sign of β and the
chemical potential in the superconducting region.
PACS numbers: 74.78.Na, 73.63.-b, 74.45.+c, 72.25.-b
I. INTRODUCTION
Since the discovery of graphene1–3, there has been a
growing interest in atomically thin two-dimensional (2D)
crystals for application in nanoelectronic and optoelec-
tronic devices. Layered transition metal dichalcogenides
represent another class of materials that can be shaped
into 2D monolayers.4 Recently, it has been demonstrated
that monolayer molybdenum disulfide (MoS2), prototyp-
ical group VI dichalcogenide, shows a transition from an
indirect band gap of 1.3 eV in a bulk structure to a di-
rect band gap of 1.9 eV in the monolayer structure.5–7
This intrinsic semiconducting nature of MoS2 is a major
advantage over graphene (which has no intrinsic band
gap) as a 2D channel material in field effect transistors.
More recently, a MoS2 transistor with room-temperature
mobility about 200 cm2/(V.s) has been appeared.8 As
in graphene, the electronic structure of monolayer MoS2,
exhibits a valley degree of freedom indicating that the
conduction and valence band edges consist of two de-
generate valleys (K,K ′) located at the corners of the
hexagonal Brillouin zone. Monolayer MoS2 has impor-
tant distinctions from graphene, too. Inversion symme-
try is explicitly broken in monolayer MoS2 which results
in a strong coupling of the spin and valley degrees of
freedom. MoS2 has a strong spin-orbit coupling (origi-
nated from the heavy metal atoms) which splits the va-
lence band to spin-up and spin-down subbands and leads
to a spin polarization of the valence band.9–11 Recently,
many measurements have been performed to character-
ize the optical and transport properties of the monolayer
molybdenum disulfide.6,8,12,13 One important aspect of
this material is that its potentialities for device applica-
tions are intimately related with fundamental concepts
of quantum mechanics.
Andreev reflection (AR) is a type of particle scattering
which occurs at the interface between a normal metallic
(N) and a superconducting (S) region.14 In this process,
an electron with an energy ε (relative to the chemical po-
tential µ) and spin polarization s, upon hitting the N/S
interface, is retro reflected as a hole with the same energy
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FIG. 1: (Color online) (a) Schematic illustration of the
molybdenum disulfide S/N junction. (b) The dispersion re-
lation in momentum space (E = E(kx)) of n-doped S (left
panel) and p-doped N regions at K and K′ valleys (middle
and right panels). The conduction and the valence bands
are separated by a large band gap ∆. The strong spin-orbit
coupling λ splits the valence band to spin-up and spin-down
subbands. The chemical potential µ is measured from the
center of the gap ∆ (zero-energy point).
but opposite spin direction −s. This peculiar scattering
process provides a conversion of the dissipative electri-
cal current in N region into a dissipationless supercur-
rent and results in a finite conductance of N/S junction
at the bias voltages below the superconducting energy
gap ε < ∆S .
15 Novel interesting phenomena arise when
N/S proximity structures are realized in atomically thin
2D crystals. Peculiarity of AR in graphene N/S junc-
tions has been explained by Beenakker, who predicted
the possibility for a specular AR in undoped normal
graphene, and its associated anomaly in Andreev current-
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2voltage characteristics of a graphene N/S contact.16,17
Recently, another peculiarity of AR has been demon-
strated in graphene-based superconducting hybrid struc-
tures, which is resulted from the sublattice pseudospin
degree of freedom of electrons in graphene with a (non-
superconducting) gap in its electronic spectrum.18,19
In this paper, we theoretically study the superconduct-
ing proximity effect and focus on the signature of the
AR process in a monolayer molybdenum disulfide S/N
junction with n- (p-)doped S and p-doped N regions as
sketched in Fig. 1(a). Although n-type transistor opera-
tion for single-layer and few-layer MoS2 with gold source
and drain contacts was recently demonstrated8, a multi-
layer MoS2 channel can be hole-doped by palladium con-
tacts, yielding MoS2 p-type transistors.
20 Recent stud-
ies21–24 have pointed out that MoS2 undergoes a super-
conducting transition at high carrier concentration and
in the presence of the high-κ dielectrics, with a doping
dependent temperature. We find that the electron-hole
conversion with unit probability happens at normal in-
cidence to the S/N structure with p-doped S region for
|µN | > |µS | in spite of the mismatch in the Fermi wave
lengths at the two sides of the interface, while there is no
perfect AR in the corresponding structure with n-doped
S region. Furthermore, due to the spin-splitting of the
valence band in the presence of the strong spin-orbit in-
teraction, the AR process can be spin-valley polarized de-
pending on the magnitude of the chemical potential µN
and the excitation energy ε. The strong spin-orbit in-
teraction enhances the probability of AR and the result-
ing Andreev conductance of the MoS2-based S/N struc-
ture, relative to its value in the corresponding structure
with gapped graphene. We further investigate the effect
of the topological terms in the Hamiltonian of MoS2
25
and show that the presence of the mass asymmetry term
does not change the results significantly. More impor-
tantly, we show that the presence of β term enhances
the Andreev conductance of S/N structure with p-doped
S region, while it reduces the Andreev conductance in
the corresponding structure with n-doped S region. This
is originated from the dependence of the probability of
AR and the resulting Andreev conductance on the sign
of β and the chemical potential µS . Accordingly, the
presence of β term amplifies the proximity-induced su-
perconductivity inside the N region of the S/N structure
with p-doped S region, in contrast to the S/N structure
with n-doped S region.
This paper is organized as follows. In Sec. II, we es-
tablish the theoretical framework which will be used to
investigate AR in MoS2-based S/N junction. We present
our analytic and numeric results for the probabilities of
the normal and Andreev reflections and the resulting An-
dreev conductance in Sec. III. Finally, a brief summary
of results is given in Sec. IV.
II. MODEL AND THEORY
We consider a wide monolayer molybdenum disulfide
(MoS2) S/N hybrid junction with n- (p-)doped super-
conducting (S) region for x < 0 and p-doped normal (N)
region for x > 0 as sketched in Fig. 1(a). The supercon-
ducting part can be produced by depositing an S elec-
trode on top of the MoS2 sheet. In S region, the super-
conducting correlations are characterized by the super-
conducting pair potential (order parameter) ∆S which
is taken to be real and constant for s-wave pairing. To
study AR at S/N interface, we first derive Bogoliubov-de
Gennes (BdG) equation for the system and then we con-
struct the basis of scattering states in N and S regions.
By introducing an effective mean-field Hamiltonian:
Heff =
∫
dr
∑
s
[Ψ†(r, s)H0Ψ(r, s) + U(r)Ψ†(r, s)Ψ(r, s)]
+ [∆SΨ
†(r, ↑)Ψ†(r, ↓) + ∆∗SΨ(r, ↓)Ψ(r, ↑)] (1)
and using the Bogoliubov transformations26, we obtain
BdG equation as
HBdG
(
u
v
)
= ε
(
u
v
)
,
( H− µ ∆S
∆∗S µ− T HT −1
)(
u
v
)
= ε
(
u
v
)
, (2)
which describes the superconducting correlations be-
tween electrons and holes with the wave functions u and
v. Here, H = H0 + U(r) is the effective single-particle
Hamiltonian in the presence of an electrostatic potential
U(r), T is the time-reversal operator and ε is the exci-
tation energy.
The effective single-particle Hamiltonian in monolayer
MoS2, where we ignore the intravalley interaction, is
H =
( Hτ 0
0 Hτ¯
)
(3)
where
Hτ = vF(στ .p)+∆
2
σz+λsτ (
1− σz
2
)+
p2
4m0
(α+βσz)+U(r)
(4)
is the modified-Dirac Hamiltonian25 for spin s = ±1
and valley τ = ±1 (τ¯ = −τ) in which the energy gap
∆ = 1.9 eV, spin-orbit coupling constant λ = 80 meV,
vF = a0t0/h¯ = 0.53 × 106 m/s is the Fermi velocity, m0
is the bare electron mass, α = 0.43 and β = 2.21. The
electrostatic potential U(r) is taken to be −U0 in S re-
gion and U(r) = 0 in N region, and στ = (τσx, σy, σz) is
the vector of the Pauli matrices acting on the two con-
duction and valence bands. Introducing the time-reversal
operator as
T = iτxsyK, (5)
3with K the operator of complex conjugation, we obtain
that the Hamiltonian of MoS2 is time-reversal invari-
ant T H(p)T −1 = H(−p). Since the doped monolayer
molybdenum disulfide is a Fermi liquid, the supercon-
ducting states can be established for the system and thus
the BdG Hamiltonian (Eq. 2) has particle-hole symme-
try (T C)HBdG(p) + HBdG(p)(T C) = 0 with C = iγy,
in which CHBdG(p)C
−1 = −HBdG(−p) (the Pauli ma-
trix γy acts on the electron-hole space). Substituting
the time-reversal operator T into Eq. (2), results in two
decoupled sets of four-dimensional Dirac-Bogoliubov-de
Gennes (DBdG) equations16, which each of the form is
given by( Hτ − µ ∆S
∆∗S µ−Hτ
)(
uτ
vτ¯
)
= ε
(
uτ
vτ¯
)
. (6)
The electron and hole wave functions, uτ and vτ¯ , are
two-component spinors of the form (ψc, ψv), where c and
v denote the conduction and valence bands, respectively.
Therefore, the electron excitations in one valley are cou-
pled by the superconducting pair potential ∆S to hole
excitations in the other valley.
The solutions of DBdG equation inside the S region
are rather mixed electron-hole excitations (called Dirac-
Bogoliubov quasiparticles) that either decay exponen-
tially as x→ −∞ (for subgap solutions when ε < ∆S) or
propagate along the −x direction (for supragap solutions
when ε > ∆S). These solutions for n-doped S region take
the form
ψS+ = eik
′
+τxeiqy

b−1+
−a+ c−1+
1
−a+
 , (7)
ψS− = eik
′
−τxeiqy

b−1−
−a− c−1−
1
−a−
 , (8)
where
a± =
m± + ∆2S
h¯vF(τk′± − iq) m′±
,
b± =
−m′± (∆2 +
h¯2k2S±(α+β)
4m0
− µS − ε) +m± + ∆2S
m′± ∆S
,
c± =
h¯2v2Fk
2
S±m
′
± − (m± + ∆2S)(−∆2 + λsτ +
h¯2k2S±(α−β)
4m0
− µS − ε)
∆S (m± + ∆2S)
,
k′± = ±k0 − iκτ , kS± =
√
k′±
2 + q2, µS = µ+ U0 (µS is
measured from the center of the gap ∆), m± = (∆/2 +
h¯2k2S±(α + β)/4m0 − µS)2 − ε2 + h¯2v2Fk2S± and m′± =
h¯2k2S±α/2m0 − 2µS + λsτ . The momentum kS± of the
qausiparticles in S region are the solutions of the energy-
momentum relation, which can be obtained by solving
the following equation
ε4 − d ε2 + f = 0, (9)
d =
(
h¯2k2S
4m0
(β − α)− λsτ + ∆
2
+ µS
)2
+
(
h¯2k2S
4m0
(α+ β) +
∆
2
− µS
)2
+ 2 (h¯2v2Fk
2
S + ∆
2
S),
f =
(
[
h¯2kS
2
4m0
(α+ β) +
∆
2
− µS ]2 + h¯2v2FkS2 + ∆2S
)(
[
h¯2kS
2
4m0
(β − α)− λsτ + ∆
2
+ µS ]
2 + h¯2v2FkS
2 + ∆2S
)
−h¯2v2FkS2
(
h¯2kS
2
2m0
α+ λsτ − 2µS
)2
.
Inside N region, the solutions of DBdG equation are two states of the form
ψe± =
1√
ue
e∓ikeτxeiqy

e±iτθe/2
∓Ae τ e∓iτθe/2
0
0
 , (10)
4for the valence band electrons and
ψh± =
1√
uh
e±ikhτxeiqy

0
0
e∓iτθh/2
±Ah τ e±iτθh/2
 , (11)
for the valence band holes of p-doped MoS2 with µN = µ
(µ < 0 is measured from the center of the gap ∆), at
a given energy ε and a transverse momentum q with
energy-momentum relations that can be obtained by
solving the following equation,
(
h¯2|ke(h)|2
4m0
(α+ β) +
∆
2
− µN ∓ 
) (
h¯2|ke(h)|2
4m0
(α− β) + λsτ − ∆
2
− µN ∓ 
)
− h¯2v2F|ke(h)|2 = 0. (12)
In Eqs. (10) and (11), ue(h) = h¯|ke(h)| cos(τθe(h)) [α +
β + A2e(h) (α − β)]/4m0vF + Ae(h) cos(τθe(h)), Ae(h) =
h¯vF|ke(h)|/[µN ± ε+ ∆/2−λsτ − h¯2|ke(h)|2(α−β)/4m0]
and θe(h) = arcsin(q/|ke(h)|) indicates the angle of prop-
agation of the electron (hole). Also, the two propagation
directions along the x-axis are denoted by ± in ψe(h)±.
An incoming electron from the valence band of p-type
N region with a subgap energy ε ≤ ∆S may be either
normally reflected as an electron or Andreev reflected as
a hole in the same band (retro reflection). Due to the
spin-splitting of the valence band, the incident electron
and the reflected hole can be from one or two of the spin
subbands, depending on the magnitude of the chemical
potential µN and the excitation energy ε. As can be
seen from Fig. 1(b), as long as −∆/2 − λ + ε < µN ≤
−∆/2+λ+ε only the upper spin subbands with s = τ = 1
and s = τ = −1 contribute to the transport of charge and
result in a spin-valley polarized AR process with sτ = 1.
While for the case of µN ≤ −∆/2 − λ + ε, the Fermi
level crosses the two spin subbands with sτ = ±1 and
therefore the AR process is not spin-valley polarized.
From the conservation of the y-component wave vector
q under the scattering process, we obtain the following
relation between the incident electron and reflected hole
angels,
|ke| sin θe = |kh| sin θh. (13)
Denoting the amplitudes of normal and Andreev reflec-
tions, rs,τ and rs,τA , respectively, the wave functions in-
side N and S regions are written as
ψN = ψ
e− + rs,τ ψe+ + rs,τA ψ
h+, (14)
ψS = t ψ
S+ + t′ ψS−. (15)
Matching the wave functions of N and S regions at the
interface x = 0, we obtain
rs,τ =
a a′ b b′(c′ − c) +Ae τ c c′eiθeτ (a′ b′ − a b)−Ah τeiθhτ [b b′(a′ c− a c′) +Ae τ c c′(b− b′)eiθeτ ]
−a b [−a′ b′ (c− c′)eiθeτ + c′ τ(Ae c+Ah b′ei(θe+θh)τ )] + c τ [Ah a′ b b′ ei(θe+θh)τ +Ae c′(a′ b′ +Ah(b′ − b)τeiθhτ )] ,
(16)
rs,τA =
−Ae (a− a′) b b′ c c′ e−i(θe−θh)τ/2(1 + e2iθeτ ) τ
√
uh/ue
−a b [−a′ b′ (c− c′)eiθeτ + c′ τ(Ae c+Ah b′ei(θe+θh)τ )] + c τ [Ah a′ b b′ ei(θe+θh)τ +Ae c′(a′ b′ +Ah(b′ − b)τeiθhτ )] .
(17)
Having obtained the above reflection amplitudes, we
could analysis the Andreev conductance of a S/N inter-
face with n- (p-)doped S and p-doped N regions and the
results will be discussed in the next section.
III. NUMERICAL RESULTS AND
DISCUSSIONS
To evaluate the Andreev differential conductance of a
MoS2-based S/N structure at zero temperature, we use
the Blonder-Tinkham-Klapwijk (BTK) formula15 which
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FIG. 2: (Color online) Dependence of the Andreev conduc-
tance of S/N junction with p-doped S and N regions on the
magnitude of the chemical potential |µN | (in units of eV) for
MoS2-based structure (λ = 0.08 eV) with µS = −1.5 eV,
β = 2.21, and α = 0 and 0.43 (a) and for gapped graphene
(λ = 0, β = 0), MoS2 with α = 0 and β = 0 and 2.21 at three
different chemical potentials µS = −1,−1.5 and −3 eV (b-d),
when ∆S = 0.01 eV and ε/∆S = eV/∆S = 0.
is given by
G =
∑
s,τ=±1
Gs,τ0
∫ θc
0
(1−|rs,τ |2 + |rs,τA |2) cos θe dθe, (18)
where we introduce
Gs,τ0 =
e2
h
Ns,τ (eV ), (19)
as the spin-s valley-τ normal state conductance and
Ns,τ (ε) = W |ke|/pi as the number of transverse modes
in a sheet of monolayer MoS2 of width W. Here, θc =
arcsin(|kh|/|ke|) is the critical angle of incidence above
which the Andreev reflected waves become evanescent
and do not contribute to any transport of charge. Also,
we have put ε = eV at zero temperature. We note that
in contrast to the valley degeneracy in graphene, the con-
tribution of each valley to the charge conductance must
be computed separately.
We present our numerical results, obtained using the
numerical rs,τ , rs,τA and G based on Eqs. (12), (16), (17)
and (18), in the physical regime. We first discuss the
AR process for the S/N structure with p-doped N and S
regions and then the case with n-doped S region.
1 2 3 4 5
0
0.5
1
|r| 
2
 
 
θ
e
 = 0
θ
e
 = pi/8
θ
e
 = pi/4
θ
e
 = pi/3
θ
e
 = pi/2
1 2 3 4 5
0
0.5
1
|µN|
|r A
| 2
 
 
θ
e
 = 0
θ
e
 = pi/8
θ
e
 = pi/4
θ
e
 = pi/3
θ
e
 = pi/2
(a)
(b)
µS = −1.5 eV
µS = −1.5 eV
FIG. 3: (Color online) Normal and Andreev reflection proba-
bilities as a function of the chemical potential |µN |, for differ-
ent angles of incidence to the MoS2-based S/N junction with
p-doped S and N regions, when µS = −1.5 eV, s = τ = 1,
α = 0, β = 2.21 and eV/∆S = 0.
A. S/N structure with p-doped S and N regions
The resulting Andreev conductance of S/N structure
G/G0 (G0 =
∑
s,τ=±1G
s,τ
0 ) with p-doped S and N re-
gions is presented in Fig. 2 in terms of the magnitude
of the chemical potential |µN | for MoS2-based structure
(λ = 0.08 eV) with β = 2.21, and α = 0 and 0.43 (Fig.
2(a)) and also for gapped graphene (λ = 0, β = 0), MoS2
with α = 0 and β = 0 and 2.21 at three different chem-
ical potentials µS = −1,−1.5 and −3 eV (Figs. 2(b-d)),
when ∆S = 0.01 eV and ε/∆S = eV/∆S = 0. As can
be seen from Fig. 2(a), the presence of the mass asym-
metry term (α) in the Hamiltonian, which is originated
from the difference between electron and hole masses25,27,
has no effect on the magnitude of the Andreev conduc-
tance in MoS2-based structure. Therefore in the follow-
ing investigations, we put α = 0. Also, it is seen from
Figs. 2(a-d) that the absence of quasiparticle states inside
the band gap of N region causes a gap in conductance for
|µN | < | − ∆/2 + λ|. For | − ∆/2 + λ| ≤ |µN | ≤ |µS |
(with negative U0), the zero bias Andreev conductance
increases with |µN | and reaches a maximum value at
|µN | = |µS | where the electrostatic potential U0 in-
duced by the superconducting electrode is zero, while for
|µN | > |µS | (with positive U0) the conductance decreases
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FIG. 4: (Color online) Andreev conductance of S/N junction
with p-doped S and N regions as a function of the bias voltage
eV/∆S (in units of the superconducting gap ∆S) at two values
of µS = −1 and −1.5 eV, for gapped graphene (solid lines)
and MoS2 with α = 0 and β = 2.21 (dashed lines), when
µN = −0.9,−1 and −1.1 eV.
by increasing |µN |.
In order to explain the behavior of the Andreev con-
ductance, we plot the |µN | dependence of the normal and
Andreev reflection probabilities in Fig. 3 for different an-
gles of incidence, when µS = −1.5 eV, s = τ = 1, α = 0,
β = 2.21 and eV/∆S = 0. For |µN | ≤ |µS |, the magni-
tude of the negative electrostatic potential U0 and there-
fore the probability of the normal reflection decreases
with |µN | and goes to zero at |µN | = |µS |. Therefore,
the probability of AR and the resulting Andreev conduc-
tance increase with |µN | and the electron-hole conversion
with unit probability happens at |µN | = |µS |. While for
|µN | > |µS |, the positive electrostatic potential increases
with |µN | and leads to the increasing behavior of the nor-
mal reflection probability. So the probability of AR and
the resulting Andreev conductance decrease with |µN |.
Moreover, due to the spin-splitting effect of the spin-
orbit interaction, a cusp-like behavior is appeared at the
edge of the spin-down (-up) subband of K (K ′) valley
with |µN | = | − ∆/2 − λ| such that the AR process for
|µN | < | − ∆/2 − λ| is spin-valley polarized. Impor-
tantly, we see that the presence of the strong spin-orbit
interaction and β term in the Hamiltonian enhances the
amplitude of AR and the resulting Andreev conductance
in MoS2-based S/N structure, as is compared with its
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FIG. 5: (Color online) Andreev conductance of S/N junction
with n-doped S region as a function of |µN | at two chemical
potentials µS = 1.5 and 3 eV, for gapped graphene (λ =
0, β = 0), MoS2 (λ = 0.08 eV) with α = 0 and β = 0 and
2.21, when ∆S = 0.01 eV and eV/∆S = 0.
value in gapped graphene S/N structure. Furthermore,
the bias voltage dependence of the Andreev conductance
of S/N structure for gapped graphene (solid lines) and
MoS2 with α = 0 and β = 2.21 (dashed lines) are shown
in Fig. 4 at two values of µS = −1 and −1.5 eV, when
µN = −0.9,−1 and −1.1 eV. It is seen that the An-
dreev conductance of both structures increases with the
bias voltage eV/∆S (in units of the superconducting gap
∆S) for different values of the chemical potential µN with
|µN | ≥ |−∆/2+λ|. Also we can see that the enhancement
of the Andreev conductance of MoS2-based structure in
presence of the strong spin-orbit interaction and β term
in the Hamiltonian can be occurred for subgap bias volt-
ages, depending on the magnitude of chemical potentials
µN and µS . Also we can see from Figs. 2(b-d) that by en-
hancing the chemical potential of the S region (µS), the
magnitude of the Andreev conductance for MoS2-based
structure with β = 2.21 increases more than that of the
corresponding structure with zero β.
B. S/N structure with n-doped S and p-doped N
regions
The behavior of the Andreev conductance of S/N
structure with n-doped S and p-doped N regions is shown
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FIG. 6: (Color online) Normal and Andreev reflection prob-
abilities as a function of |µN |, for different angles of incidence
to the MoS2-based S/N junction with n-doped S region, when
µS = 1.5 eV, s = τ = 1, α = 0, β = 2.21 and eV/∆S = 0.
in Fig. 5 in terms of the chemical potential |µN | at two
chemical potentials µS = 1.5 and 3 eV, when α = 0
and eV/∆S = 0. It is seen that the Andreev conduc-
tance has an increasing behavior with |µN | and reaches
a maximum at higher chemical potentials. This behavior
can be explained in terms of the behavior of the normal
and Andreev reflection probabilities, which are shown in
Fig. 6. It is seen that the normal reflection probability
decreases with |µN | (positive U0) and reaches a minimum
at µ0, which can be obtained from Eq. (16). Therefore
the probability of AR and the resulting Andreev con-
ductance increase with |µN | and reach a maximum at
µ0. While for |µN | > |µ0|, the probability of AR and
therefore the Andreev conductance decrease with |µN |
where the normal reflection probability has an increasing
behavior with |µN |. This behavior of the Andreev con-
ductance is similar to that of a interface between a p-type
semiconductor and a conventional superconductor28.
Also it is seen from Fig. 5 that the presence of strong
spin-orbit interaction in molybdenum disulfide enhances
the Andreev conductance, while the presence of β term
in the Hamiltonian reduces the Andreev conductance of
MoS2-based S/N structure from its value for the cor-
responding gapped graphene structure. Moreover, the
magnitude of the Andreev conductance for all three
structures can be enhanced by µS . Therefore, the pres-
ence of β term in the Hamiltonian of monolayer molyb-
denum disulfide attenuates the proximity-induced super-
conductivity inside the N region of the S/N junction with
n-doped S region, in contrast to the corresponding struc-
ture with p-doped S region.
We obtain numerically that the amplitude of AR can
be written as |rA(β)| = |rA(0)|−β sgn(µS−Eb) |r′A(0)| in
the limit of small β, where Eb indicates the conduction,
ECBM (valence, EV BM ) band edge. So the presence of β
term reduces the amplitude of AR for S/N structure with
n-doped S region where µS > ECBM and enhances it for
the corresponding structure with p-doped S region where
µS < EV BM . This result persists for finite β and tells
us that the probability of AR and the resulting Andreev
conductance depend on the sign of the chemical potential
µS in the superconducting region. Also, the magnitude
of the Andreev conductance depends on the sign of β
and can be enhanced (reduced) for S/N structure with
n- (p-)doped S region, when β becomes negative.
Furthermore, we have presented the behavior of the
normal and Andreev reflection probabilities in terms of
|µN | for different angles of incidence to the two S/N junc-
tions in Figs. 3 and 6. We see that the probabilities of
the normal and Andreev reflections strongly depend on
the angle of incidence θe such that the normal reflection
probability increases with θe and totaly dominates AR,
when the incident electron is parallel to the S/N interface.
Moreover, depending on the angle of incidence, there is
a critical chemical potential for N region (it can be ob-
tained from Eq. 13) above which the AR process sup-
presses and the normal reflection happens with unit prob-
ability. Also it is seen that for the S/N structure with
p-doped S region, perfect electron-hole conversion with
|rA|2 = 1 happens at normal incidence when |µN | ≥ |µS |
and away from the normal incidence when |µN | = |µS |
(see Fig. 3(b)), while there is no perfect AR in the corre-
sponding structure with n-doped S region (see Fig. 6(b)).
The existence of the perfect AR for p-doped S/N struc-
ture with |µN | > |µS |, is in spite of the mismatch in
Fermi wave lengths at the two sides of the S/N interface.
IV. CONCLUSION
In conclusion, we have investigated the superconduct-
ing proximity effect and specially the Andreev reflec-
tion in a molybdenum disulfide superconducting-normal
(S/N) hybrid junction with n- (p-)doped S and p-doped
N regions. We have realized that the electron-hole
conversion with unit efficiency happens at normal inci-
dence to the S/N interface with p-doped S region when
|µN | ≥ |µS |. The presence of the strong spin-orbit cou-
pling in molybdenum disulfide enhances the Andreev
conductance of the MoS2-based S/N structure relative
to its value in the corresponding structure with gapped
graphene. We have further analyzed the effect of the
topological terms in the Hamiltonian of MoS2, which
have been reported in Ref. 25, and demonstrated that
the presence of β term results in an enhancement of the
8Andreev conductance of S/N structure with p-doped S
region, while it reduces the Andreev conductance in the
corresponding structure with n-doped S region. This ef-
fect is due to the dependence of the Andreev reflection
probability on the sign of β and the chemical potential
in the superconducting region. Moreover, we have found
that the presence of the mass asymmetry term in the
Hamiltonian, does not change the results, significantly.
The role of the finite-size effect for a nanoribbon
molybdenum disulfide has not been addresses in the
present work. We remark that, in the very large chemi-
cal potential regime, where the system is highly doped
a model going beyond the low-energy modified-Dirac
Hamiltonian is necessary to account the full dispersion
relation.
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